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CHAPTER I 
INTRODUCTION 
Plant growth and development are related to the amount of water 
available to the plant but more specifically to the amount of water in 
the plant and the energy with which it is held. 
Studies of the effect of moisture stress on plants are often compli-
cated by insufficient definition of the term "growth." Common measures 
of plant growth, as elongation and changes in fresh and dry weight, are 
the result of combinations of many biochemical and physiological processes 
which are not affected to the same degree or at the same rate by moisture 
stress or changes in the internal water ba'iance of the plant. 
To obtain a better understanding of moisture effects on plant growth, 
a greater emphasis is needed on the effect of moisture stress on basic 
processes within the plant. 
The objective of this study was to investigate the effect of osmotic 
stress on certain metaQolic components of wheat seedlings. Responses 
studied were changes in respiration, nitrogen content, phosphorus content, 
I 
amount of soluble carbohydrate, amount of soluble ninhydrin positive 
material, relative turgidity, and degree of hydration. Osmotic solutions 
were used to permit a better definition of the particular stress applied 
on the seedling and a split-root technique was used in an attempt to de-
termine the effect of turgidity on these responses. 
1 
CHAPTER II 
REVIEW OF LITERATURE 
Most of the recent work on the effect of water defiGits on physi-
ological processes in plants has been reviewed by Vaadia et al, (1961) 
and Kramer (1963). Only studies of particular interest to this in-
vestigation will be discussed. 
The results of' many studies u,sing osmotic solutions are at variance 
to those using soil. While part of this variance has been ascribed to 
transmission characteristics of the soil, there still seems to be some 
disagreement among studies reported in the literature as to whether 
nutrient uptake is affected by soil moisture tension per se or only 
through its indirect effects on transmission characteristics of the soil. 
Danielson and Russell (1957) found that Rb86 uptake in corn seedlings 
was not influenced by osmotic prel';lsure induced by mannitol but was decreased 
with increasing soil moisture tension. This would indica,te that soil 
characteristics were involved. Dean and Gledhill (1956) ascribed a re-
duced phosphate absorption in dry soil to alterations in the physi'ology 
of the roots. Emmert and Ball (1933) indicated that there was no loss of 
the ability t~ absorb nitrate by the plant under stress. A reduced ability 
to absorb phosphorus resulted in an accumulation of nitrate in the tissue 
because of reduced tissue formation. Gates (1957) found that in young to-
mato plants phosphorus percentage was lower under moderate wilting 
than severe wilting. He ascribed this to a greater and earlier 
2 
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effect of stress on phosphorus than on dry weight, Hydrolysis of 
phosphorus compounds might have been a direct effect of stress and proba-
bly occurred early in the drying cycle, He stated that in the development 
of stress, phosphorus metabolism is disturbed before nitrogen and recovers 
less rapidly upon watering. 
Woolley (1963) used osmotic solutions of "Carbowax 4000" in a study 
on spring,wheat. He found an increase in percentage·and total nitrogen, 
a decrease in total phosphorus, but no significant change in dry weight of 
the shoots with increasing stress. He did not find any sign1ficant differ-
ence in percent nitrogen of the roots under stress but found a significant 
decrease in phosphorus percentage. 
Sisakyan (1939) indicated that enzymatic hydrolysis was activated 
by stress but that the degree of water deficit at which hydrolysis is 
affected is different in drought resistant varieties. This points out 
a possibility for variation of results reported in the literature. 
Petrie and Wood (1938) suggested that protein increased with water content 
but it could not be told whether synthesis was decreased or hydrolysis 
was increased under a water deficit. Nezgovorova (1957) found that corn 
and oats under water stress increased in pigments, lipoids, hemicellulose, 
pectic substances, and cellulose. Carbohydrates, organic acids, and amino 
acids decreased under water stress. Yoo and Todd (1961) found that soluble 
RNA, protein, and activity of proteinase decreased with loss of water, 
Wood and Petrie (1938) indicated that respiration rate rose as the water 
content fell to a certain level but that further decrease in water content 
caused the respiration rate to fall, Zholkevich (1958) found an increase 
in respiration under drought. 
Todd et al, (1962) indicated that relative turgidity as measured 
by the ratio of fresh water content to the imbibed water content was an 
excellent indicator of the degree of moisture stress in cereal plantsi 
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Gingrich and Russell (1957) found that fresh and dry weights were 
greater under osmotic stresses than under similar soil moisture stresses. 
There was no significant effect of an osmotic stress on the dry weight 
of corn seedlings. This was ascribed to a lack of an effect on the amy-
lolytic enzymes by the osmotic solutions. Gingrich and Russell (1956) . 
indicated also that the plant was most sensitive to soil moisture stresses 
between 1 and 3 atmospheres. It was s\,lggested that this might be due 
to transmission characteristics of the soil. 
Slatyer (1961) using osmotic substrates composed of KNo3, NaCl, 
mannitol, and sucrose found a rapid recovery from wiltipg in a'll cases 
except mannitol. He indicated that the reaction of plants to readily 
diffusible osmotic substrates would be different than th~ reaction of 
plants to slowly absorbed and non-metabolized solutes. Effects of dif-
fusible osmotic substrates are not strictly analagous to the effect of 
soil water tension, since the osmotic pressure and turgor pressure levels 
are displaced, 
Eaton (1941) grew corn and tomato plants with the roots divided 
between two or more solutions of unequal ionic concentrations. He indi-
cated that osmotic pressure rather than specific ion effects was involved 
in the results. Farrar (1959) using a split-root syf:item to study mcisture 
effects defined wilting asj that state of the plant wqen the diffusion 
potential of water in a certain root tissue fell below a critical value. 
Mederski and Wilson (1960) using a split-root system of sand and soil 
thought that internal plant water stress should be minimized and, 
therefore, any effect on tqp growth of the corn shou;l.d not be due to 
internal stress but due to decreased root growth (ion uptake or i;rans .. 
location) rather than loss of turgescence and subsequent effect on 
physiological processes. 
Hagan et al, (1957) showed that dry weight production, photo-
synthesis, and respiration rate~ were not affected appreciably until 
the moisture content in the entire root zone approached the permanent 
wilting percentage. This would indicate that as long as the plant was 
receiving water from some portion of the root zone under low stress, 
certain measures of plant growth would be unaffected. A similar type 
of system should be approximated by a split-root system. They pointed 
out that there was no one simple and general relation between soil 
moisture conditions and all aspects of plant functioping but that some 
processes are relatively inse~sitive to increasing stress while others 
are relatively sensitive. 
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CHAPTER III 
MATERIALS AND METHODS 
The following methods were selected and develoJ?ed from preliminary 
studies and a perusal of the literature. 
Cultural Methods 
Triumph, a variety of Hard Red Winter Wheat (Triticum aestivum ~.), 
was used throughout the study. Seeds were soaked in 4% H2o2 for 5-10 
minutes, aerated in distilled water for 36 hours, and then placed on 
cheesecloth stretched across a glass rod rack over a pan of water with 
the ends of the cloth in water, Approximately! inch airspace was between 
the cheesecloth and the water. The seeds were placed in the dark at 25°c. 
for 4 days and then placed on the benchtop ;for 1 da,y. The seedlings were 
then transferred to containers of m,i.trient solution in the growth chamber. 
After 4 days the nutrient solutions were replaced with the appropr;i.ate 
osmotic solutions, Aeration was provided without excessive bubbling. 
Containers used were fabricated from plexiglas and consisted of 2 
compartments approximately 15 x 6 x 1 inch each (Figure 1). Short lengths 
of lucite tubing were notched out and placed on the center partition. 
One plant was placed in each tube, with one root in each iciide of the 
container, and stabilized with glass wool (Figure 2), Ten plants per 
container were used. Containers had well fitted covers and were made 
completely opaque by painting. 
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Growth chamber conditions were a continuous 18°c., a 16 hour light 
period, and a light intensity of 2500-3500 ft-c dependin$ upon the height 
of the plants. Relative humidity ranged from 60-70%. 
Osmotic solutJons were prepared by disso],ving the app:r;opriate amount 
of "Carbowax 6000" in t,he nutrient solution used by Guinn (1961). Osmotic 
concentrations were determined cryoscopically, Treatments applied were 
(O,o), (1,1), (3,3), (9,9), (0,1), (0,3), (0,9); witl;l the numbers desig-
nating the bars of osmotic pressure applie~ to the respect,ive compartments, 
Nutrient solution was the "O" treat~nt. 
Analytical Methods 
Plants were harveste<l 1, 2, 4, and 5 dayi;i after application of tn.El 
stress. Tubes containing the plants were taken from the container and 
the roots were removed immediately below the seed and blotted. The tops 
were cut above the lucite tubing (Figure 2)~ The shoot and 2 sets of 
roots were each placed in a lZ x 75 mm, test tube and ~to~pered, 
Plant shoots were weighed to obtain fresh wei~ht, then floated on 
deionized water for 24 hours and reweighed to obtain the imbibed weight 
for the relative turgidity determinations, The imbibed leaf tiesu(;) and 
fresh root tissues were drieo. at 8o0c. for 24 }:,Lours to obtain thEl q.egree 
of hydration as measured by the percentage of' dry matter. The dry matter 
was digested with concentrated H2S04 and 35i H2o2 without having been 
transfe;rred from the test tubes. A{ter beiqg broµ.ght to a known volume, 
appropriate aliquots were taken for phosphorus and nitrogen determinations, 
Phosphorus was determined by the method of Shelton ancl Ha;rper (1941) and 
nitrogen was detel:'.,Jined with a Nessler's so;l..1,1tion (TJmbrE;iit et al., 1951). 
Respiration measurements on roots were conducteq using~ Warbur~ mano-
metric apparatus and the respective solutions in wkj.ich th~ roots were grown. 
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One plant from each container at each harvest was placed into the 
tubes and kept in an ice bath for later determinations. These samples were 
homogenized in 4 ml. of deionized water, using the Servall micro homo-
genizer. The homogenizer was taken fro~ 0-60,000 rpm. twice in one minute, 
resulting in a maximum of 20-30 seconds at full speed. The homogenate 
was filtered through Whatman /142 filter paper under a slight vacuum and 
appro~riate aliquots were used for analysis, All operations were conducted 
in the cold at 0-5°c. Nitrate determinations were made with the procedure 
of West and Lyles (1960) and soluble carbohydrates were determined by the 
anthrone procedure of Carroll et al. (1956). Soluble ninhydrin positive 
material was determined oy a procedure based on that of Moore and Stein 
(1948). The ninhydrin procedure was assµmed to have measured free amino 
acids and any soluble protein extracted with deionized water. 
All determinations were made on 6 plants for the control treatment 
and on 2 plants for the stress treatments. 
CHAPTER IV 
RESULTS ANP DISCUS$ION 
Visible effects of the stress treatments were apparent during the 
experiment. Plants ranged from dark green with the greatest amount of 
growth in nutrient solution only, to light green with yellow tips and 
with the least amount of growth for those plants which had 9 bars stress 
applied to both. roots. Plants with a portion qf their root system 
under stress and a portion without stress appeared to be quite comparaqle 
to the control plants. 
Visible root growth was affected by stress with little growth taking 
place at the 9 bar stress. Roots under stress were yellow with the in .. 
tensity of the yellow color positively related to the amount of stress 
applied. This was clearly apparent between the stressed and nonstressed 
roots of the same plant. Salim (1962) and Zgurouskaya (1955) reported 
similar results with roots under a soil moisture stress. The color may 
be due to formation of a particular pigment under stress (Zgurouskaya, 
1955), an accumulation of pigments in general (Nezgovorova, 1957), or a 
change in state of various compounds. 
Data presented in the illustrations are reported as means on the dry 
weight basis. The treatment with nutrient solution applied to poth parts 
of the root system (o,o) is considered the control. 
Shoots were considered as being under uniform stress, when identical 
osmotic pressures were applied to both part;s of the root system. Shoots 
10 
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were considered as being under nonuniform stress when dissimilar osmotic 
pressures were applied to the two parts of the root system. 
Roots were considered as being under uniform stress when both parts 
of the root system of a plant were under identical osmotic ~ressures. 
Roots were considered as nonstressed and stressed respectively, with a 
combination of nutrient solution (nonstressed) and an osmotic solution 
of 1, 3, or 9 bars (stressed) applied to the 2 sets of roots of a plant. 
All statements of statistical significance are based on calculated 
least significant differences at t~e 95% level of confidence for the 
appropriate means. (Table IX, page 49), 
Turgidity 2f. Shoots 
Relative turgidity of the plant tissues at the various times of 
harvest was measured in two ways, One measure was that of the ratio of 
the fresh water content to that of the imbibed water content which is 
generally considered to be "relative turgidity" (Weatherly, l950). A 
second measure was the simple ratio of the tissue fresh weight to that 
of the imbibed tissue weight. Both measures gave the same relative trend 
and the statistical analysis gave the same significant differences between 
treatments. The ratio of water contents-appeared to spread the experi-
mental points more but did not increase precision. It would appear that_ 
the ratio of water contents should vary more as they contain another 
source of variation in the determination of dry weiSht. 
As seen in Figure 3, the time of harvest had a definite effect on 
the degree and direction of response of the rel~tive turgidity as de-
termined by the ratio of fresh to imbibed weights. Values for the 
relative turgidity of plants with differential osmotic str~sses applied 
to the roots are not shown as they were not significantly different from 
the control or (o,o) treatment. These values are given in Table I, page 
4L At 3 bars stress the relative turgidity continued to increase with 
time; whereas) at 9 bars it decreased. This might be an indication that 
between the two values there is a critical value at which relative tur-
gidity would not change or would change very slowly and which might be 
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the maximum point of survival. This may be similar to a critical diffusion 
potential of the water as defined by Farrar (1959), 
Figure 4 shows the response of the relative turgidity to stress 
after a period of 96 hours. The application of 9 bars stress on both 
roots was the only treatment resulting in a significant effect, The 
data obtained on turgidity indicated that the use of split-root systems 
may aid in keeping the plant tops from under~oing loss of turgidity when 
stress is applied to only a portion of the root system, This is similar 
to ideas of Hagan et al. (1957) and Mederski and Wilson (1960). 
Hydration of Shoots 
As seen in Figure 5, the time of harvest also had a definite effect 
on the degree and direction of the response of hydration to osmotic stress. 
A slight increase in percentage of dry matter was indicated with 1 bar of 
stress 24 hours after application of the stress but none of the effects 
were significant. This was true whether stress was applied to the entire 
root system or only to one part. By 48 hours the effects of the osmotic 
stresses were quite apparent and a lesser effect due to the split appli-
cation was also indicated. After 120 hours (Figure 5), the difference 
between the uniform stress and the nonuniform stress was highly significant 
at the 3 and 9 bar levels with the spread increasing greatly with 9 bars 
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of stresso The data indicates that a s~lit application of stress to roots 
of the same plant may result in an effect on the shoot but the effect is 
considerably less than the application of stress to both roots. The fact 
that a split application of stress caused an effect on the shoot was an 
indication that the plant was not acting independently of one stressed 
root. The close agreement between the 9 bar nonuniform stress and the 
control (Figure 5, line. b) indicates that the stressed root may be iso-
lated to some extent at higher stresses, The slowness of response to 
osmotic stress by dry matter may be a reason for the results of Gingrich 
and Russell (1957) and Woolley (1963) in obta.ining no significant change 
in the dry weight of shoots with increasing osmotic stress. The split-
root data does not support the $tatement of Hagan et al. (1957), that dry 
matter production is not affected appreciably until the entire root zone 
approaches the permanent wiltin~ percentage. 
Hydration of Roots 
A relatively large response by the roots to osmotic stress was 
apparent after 24 hours and increased until 120 hours (Figure 6). As 
indicated in Figure 6, the dry matter percentages for the stressed root 
of the split treatments were quite similar to those for the uniformly 
stressed rootso Dry matter percentages for nonstressed roots were not 
significantly different from the control, Figure 7 indicates that any 
change after 24 hours is due primarily to a decrease in the percentage 
of dry matter of the control. 
Figure 7 (lines a, b, c, and d) shows that dry matter percentages 
for the nonstressed roots of the split treatments were not significantly 
different from the control during the time of the experiment. It was not 
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until the 9 bar stress was reached that there was a significant differ-
ence between the stressed root of the split treatment and the uniformly 
stressed root (lines g and h), This would indicate that at the 9 bar 
stress there may be either a crossover effect between the stressed and 
nonstressed roots of the split treatment or a feedback effect from the 
shoot due to the reduced turgidity with the uniformly stressed roots. The 
data thus indicates that at the lower stresses and possibly even at the 
higher stresses the roots may be acting independently. 
Nitrogen Content of Shoots 
The percentage of nitrogen of the uniformly stressed shoots at the 1 
and 3 bar treatments were significantly lower tnan the control or the 9 
bar stress after 48 hours (Figure 8). Woolley (1963) found an increase 
in percentage of nitrogen with increasing stress, The age of the plant 
and a different atmospheric environment affecting nitrogen uptake, may 
explain the difference in the results, 
Figure 8 shows, that the plant with the nonuniform stress applied 
decreased in percent nitrogen when stress was applied to a portion of its 
root system, This decrease was significant only at 48 hours with 1 bar 
stress, The response to the nonuniform stress, although not statisti-
cally significant, indicated that the nitrogen content of the shoot was 
probably disturbed regardless of its relative turgidity, 
Nitrogen Content of Roots 
Figure 9 shows, that 48 hours after application of the stress all 
of the uniformly applied stresses resulted in nitrogen percentages sig-
nificantly lower than the control, There was no significant difference 
between the stressed root of the split application and the roots under 
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uniform stress, The nonstressed root was not significantly different 
from the control, A comparison of Harvest II with Harvest IV indicated 
that by 120 hours all the roots had increased in percentage of nitrogen 
with the 3 and 9 bar levels of the stressed roots remaining significantly 
different from the control. There was a significant difference between 
the stressed and nonstressed root of the differentially stressed plants 
at all levels, This may indicate a possible independence of action between 
the roots of the nonuniformly stressed plants. The decrease in nitrogen 
content with increasing stress was the same trend as found by Woolley 
(1963), who found a non-significant decrease with stress, 
The continued increase of nitrogen in the roots, as shown by a 
comparison of Harvest II and Harvest IV in Figure 9 and in Table III, 
page 43, may indicate that the roots we;ce still obtaining materials 
from the endosperm, This appears unlikely as Folkes and Yemm (1958) 
indicated that in barley the transfer of nitrogen from the endosperm to 
the embryo is virtually complete after 8 days. 
Phosphorus Content of Shoots 
Figure 10 shows, that 48 hours after application of the stress the 
only significant decrease of phosphorus in shoots was at 1 bar stress, 
At 96 hours all of the uniform stresses resulted in a significant 
decrease of phosphorus percentage, The reason for the increase in 
phosphorus content with 3 bars stress at 48 hours is unknown but a 
similar phenomenon was observed in an earlier experiment. The low level 
in phosphorus content at an intermediate stress is similar to that ob-
served by Woolley ( 1963 L whose low point was displaced to about 6 bars, 
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This difference in the point of minimum phosphorus J?Elrcentage could 
quite possibly be due to the difference in the length of time the plants 
were under stress before harvest, atmospheric conditions, or a differ-
ence due to variety (Sisakyan, 1939). The shoot with nonuniformly 
applied stress was also significantly different from the control; indi-
cating that phosphorus content of the shoot was independent of the 
relative turgidity factor. The data indicateu that the plant was not 
acting independent of a differentially stressed root system, No reason 
is apparent for the decrease of phosphoru$ in the shoot with a split 
treatment; presumably, the one nonstressed root should have been capable 
of absorbing sufficient phosphorus throughout the experiment for the 
entire plant. 
The data from Woolley (1963), this study, and a preliminary experi-
ment support findings of Gates (1957), that phosphorus was lower under 
moderate stress than under severe stress; indicating that the effect of 
stress on phosphorus was greater than on dry weight, and probably was 
started before the effect on dry weight. Hydrolysis of phosphorus com-
pounds may be a result of stress and probably occurs early upon stress. 
PhosFhorus Content of Roots 
Figure 11 shows the response of phosphorus content of the roots 
to the various degrees of osmotic stress after 24 hours and 96 hours of 
stress. The uniform 9 bar stress was significantly lower than the control 
after 24 hours and all uniform stress treatments were significantly lower 
at 96 hours. The stressed root of the split treatment was significantly 
lower than the control at all stresses for both harvests. The differ-
ence between the stressed and nonstressed root of the differentially 
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stressed plant was significant after 96 hours and both roots showed the 
greatest reduction at 1 bar stress, 
The greatest decrease in phosphorus content being obtained at the 
highest stress with a uniformly applied stress is in opposition to 
Woolley (1963), who obtained a low point in phosphorus content at 3 
bars. The nonstressed root of the split treatment was also affected to 
some extent particularly with one bar stress, The stressed root of 
the split root and roots under uniform stress appee,red to be affected 
differently except at 9 bars of stress, 
24 
That phosphorus content of the control roots increased with time; 
whereas, those at 9 bars remained the same can be seen from a comparison 
·of the 2 harvests in Figure 11 or Table IV, page 44 • Whether this 
indicated or not that metabolic activity had essentially ceased is un-
known, The data seemed to support the conclusions of Dean and Gledhill 
(1956), that reduced phosphate absorption in dry soil was due to alter-
ations in the physiology of the roots. 
Nitrate Content of Shoots 
The effects of osmotic stress on the percentage of nitrate in the 
shoots at 24 and 120 hours are plotted in Figure 12, After 24 hours, only 
the uniform application of 9 bars stress was significantly different from 
the control, The trend of response then began to change and after 120 hours, 
only the uniform application of 1 bar was significantly different from 
the control; but in a different direction than the initial response, The 
shoot with the split stress applied maintained the lowest nitrate content 
with 1 bar of stress applied to one of its roots, The nitrate content of 
the control remained relatively unchanged during the time of this study; 
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whereasJ all of the treated plants increased in nitrate content, 
Emmert and Bell (1933) ~ndicated that the abilitr of the plant to 
absorb nitrate was not impairE;Jd under stress but nitrate accumulated in 
the tissue because of the reduced phosphorus and the subsequent decrease 
in tissue formation. This study failed to indicate that nitrate ac-
cumulates because of less tissue formation since the least growth took 
place at 9 bars stress where phosphorus was decreased and nitrate did 
not accumulate. 
Nitrate Content of Roots 
-·-
The effects of an osmotic stress on the nitrate content of the roots 
after 24 and 120 hours are given in Figure 13, The immediate effect on 
the uniformly stressed plants appeared to be a great decrease in nitrate 
content at the 1 bar stress level. A comparison of Harvest I with Harvest 
IV shows that the nitrate content of the control and 1 bar stressed root 
increased with time; whereas, those stressed at 3 and 9 bars decreased 
slightly. After 120 hours all stress treatments, both uniform and non-
uniform, showed a significant decrease in nitrate content as compared to 
the controL 
The differentially stressed roots indicated that they were not acting 
independently, although the nonstressed root was affected signifi~antly 
less than the stressed root except at the 1 bar level at 24 hours. 
A comparison of Figures 12 and 13 indicates a possibility of trans-
location of nitrate to the shoot under stress. Translocation to the shoot 
and a possible reduced uptake may account for the low nitrate content 
of the roots under stress, 
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Soluble Carbohydrate Content of the Shoot 
Soluble carbohydrate content of the shoot appeared to be little 
affected initially, although there was a nonsignificant decrease with 
land 9 bars uniform stress (Figure 14). After 96 hours, there was a 
significant increase of carbohydrate at the 3 and 9 bar stress levels 
for the uniformly stressed conditions, There appeared to be an effect 
of the 1 bar differentially applied stress level at both the 24 );lour 
and 96 hour harvests but it was not statisticaliy significant. 
The results of this study are different from those of Nezgovorova 
(1957), who obtained a decrease in carbohydrates under stress. 
Soluble Carbohydrate Content of Roots 
- ...,._. 
With uniformly stressed plants, t):lere was a significant increase 
in soluble carbohydrate content at all uniform stress levels after 24 
hours (Figure 15). There was also a significant incr~ase in soluble 
carbohydrate for the nonstressed root of the spiit treatment at all 
stress levels but the stressed root of the split application was sig-
nificant only at the 1 bar level, 
Soluble carbohydrate levels in the roots d~crea,sed during the time 
of the experiment and at 120 hours, only t):le 9 bar treatment of the uni-
formly stressed plant was s:lgnificantly different from the control. 
Both roots of the differentially stressed pla,nt were not different from 
the control, indicating either that there was free exchange between 
them or the carbohydrate contents of the roots were determined by the 
turgidity of the shoot, There would still need to be an explanation 
for Harvest I. Since carbohydrate accumulated in the roots before it 
accumulated in the shoots, the indica,tion would be that utilization 
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of carbohydrate in the root we,s decreased be:fore the tran$location from 
the shoot was affected. Whethe;t' this carbohydrate accumu,lation was due 
to the effect on phosphorus metabolism or nitrogen metabolism is unknown. 
The continued increase of carbohydrate in t;he shoo-tr would indicate that 
photosynthesis was not greatly affected by osmotic stress over the period 
studied. 
Soluble Ninhydrin Positive Material in $hoots 
As indicated in Figure 16, a uniform osmot~~ stress resulted in a 
significantly lower ninhydrin test at the high stresses in ~4 hours and 
after 48 hours all un;i.formly stressed plants wer·e signU'ic;antly J,ower 
than the control, 
The nonuniformly stressed shoot was also different at 24 hours for 
all levels of stress but at 48 hours only the 1 bar stress resulted in a 
significant difference and after 96 hoµrs the;t'e Wl3.S no signific1;,.nt effect 
of the split stress. 
The ninhydrin positive material under uniform stress treatments did 
not change significantly with time ,and the content in the <J.iffe:rentially 
stressed plants increased significantly with time; thereby, indicating 
that in both instances the greatest change took place within the first 
24 hours. 'l'he: tremendous effect at thE;: one bar :p.oni,mtform stress indi-
cates that the nitrogen metabolism of the plant was greatly affected by 
a small increment of stress, The data indicates that the plant was not 
acting independently of the stress even though stress was applied only 
to a portion of the root system, There was no apparent re1;,.son for the 
faster recovery of ninhydrin positive material at the higher stress levels 
in differentially treated pl~nts 1 
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Soluble Ninhydr;i.n Positive Material in Ro.ots 
After 48 hours, all uniform stress treatments were si~nificantly 
lower than the controls (Figure 17). The stre9sed and nonstressed roots 
of the differentially stressed plants were significantly lower than the 
control at the 1 bar stress level after 48 hours, After 120 hours, the 
nonstressed root was identical with the coptrol and the stressed root 
was not significantly different from uniformly stressed roots. 
The data indicates that the r9ots may be acting independently after 
a period of time but that tb,ere is a tremendoue i:µitial physio:)..ogical 
shock effect, 
Oxygen Uptake of Roots 
Data for oxygen uptake is given in Table VIII, page 48. The effect 
of the various levels of osmotic stress on the roots was quite variable 
in regard to oxygen uptake, There appeared to be a general trend toward 
an increased uptake with uniformly applied low stress, No consistent 
conclusions could be drawn from the effects of a differentially ap~lied 
stress. 
The trend of increased respiration under stress agrees with that 
of Zholkevich (1958) and Wood and Petrie (1938), 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Responses of wheat seedlings to applications of various levels 
of osmotic stress were studied. A split-root technique was used in an 
attempt to determine the effect of turg:i.dity on these responses, 
Relative turgidity as frequently used may be a reasonable indi-
cation of the internal water stress of plants but u,nder certain con-
ditions may prove to be misleading in determining the time at which the 
plant is affected by stress. ~he data obtained in this study indicates 
that a water stress on the roots may not affeqt the plant turgidity 
under low evaporative conditions until relatively high stresses are 
obtained. Under these condttions relative turgidity would be a poor 
measure of plant response. 
The increase in percentage of dry matter of the shoots appeared to 
reflect the osmotic stress applied to the roots after a period of time 
but responded slowly, Dry matter percentage of the roots increased more 
quickly in response to a stress and also reflected the amount of stress 
a_pplied, 
Phosphorus and nitrogen percentage were decreased in the entire 
plant by an osmotic stress. The sharp decrease apparent after ~4 hours 
at the 1 bar stress indicated that uptake of these elements must have 
decreased immediately after application of the stress with dry matter 
35 
production being essentially unchan~ed, 
Nitrate content of the shqot initially was decreasid slie;htly but 
subsequently increased under low stress, ind;tc;ating that nitrate trans-
location to th,e shoot was not affected until higher stresses were 
reached. Nitrate decreased in the roots a~d probably reflected a 
decreased uptake, 
The increase in carbohydrate content under st~ess indioated that 
utilization is decreased more t~n S;Y!lthesis. This might be a reflection 
of the phosphorus response to stress. 
The immediate and relatively +arge decrease of t~e qinhydrin material 
indicated that the synthesis of these oompoUl').ds was very sensitive to 
stress. 
The responses to stress w0uld almost certain;J.y be different if the 
evaporative demand were increased, Time stu4ies would prove to be very 
helpful in evalua:Ung other studies of this type. 
The response of phosphorus and the ninb.ydrin positive material to 
stress would indicate that the split-root technique must be used with 
reservation and a cognizance of the problems involved, A study with 
radioactive materials would be very interesting. 
SELECTED ~IBLIOGRAPRY 
Carroll, N. v., R. W, Longley, and J. H, Roe, TQ.e Peterm:Lnation of 
Glycogen in Liver and Muscle by Use of Antbrone Reagent. J, Biol, 
Chem, 220: 583-593. 1956, · 
Danielson, R. E, and M. B. Russell, Ion Absorption 'by Corn Roots as 
Influenced by Moisture and Aeration. Soil Soi, Soc. A:tll.• Proe. 
21:3-6, 1957, 
Dean, L • .A. and V. R. Gledhill. Influence ot Soil Mo:t:·ature on Phosphate 
Absorption as Measured by an Excised Root Techp1que. Soil Sci., 
82: 71-79, 1956. 
Eaton, F, M. Water Uptake and Root Growth as Infl~~nced by Inequalities 
in the Concentration of the Substrate. Plant Phyf$iol. '.).6;545.:..564. 
1941. 
Emmert, E, M, and F. K, ::aa11. Tij.e ll;ffect of Soil M:oistur~ on tl::\.e 
Availability of Nitrate, Phosphate, a~d Pota~~it:Un to t~e Tomato 
Plant. Soil Sci. 35:295-306. 1933. · 
Farrar, J. The Diffusion Potential of Water in P~ant Roots and Its 
Relation to Wilting. J?roc. Congr. Internat'l Bot, 9. 2.;ll;J..-:j.;t.2. 
1959. 
Folkes, B, F. and E, w. Yemm. The Respiration of Barley J?l~nts; x. 
Respiration and Metabolism· of Amino Acide and Proteins in Germ-
inating Grain. New Phytol. 57:l06-131, i958, 
L./ 
Gates, c. T. Tne Response of the Youne; Tomato FlErnts to a, Brt~t Period 
of Water Shortage: Ill. Drifts in Nitrogen and fhos:pb.o;i;us. Aust. 
J. Biol. Sci. 10:125-146, 1957, 
Gingrich, J. R. and M. B. Russell. Effect of Soil ~o:tstµr~ Tensio:p. and 
Oxygen Concentration on th~ Growth of Corn Roots. Asron. J. 4$: 
517-520. 1956, 
Gingrich, J. R. and M. :a. Russell, A CoIJ1parison of Effects of Soil 
Moisture Tension and Osmotic Stress on Root Gvowth, Soil Sci. 
84(3):185-194. 1957, 
Guinn, G. The Influence of Chelation on Aosorption and Transloc~tion 
of Iron, Copper, Manganes, and Zinc by the Cotyon Plant, ~exas 
A. & M. College, Unpublished PhD T~esis. 1961, 
37 
38 
Hagan, R. M., M. L. Peterson, R. P. Upchurch and L. G. Jones, Relation-
ships of Soil Moisture Stress to Different Aspects of Growth in 
Ladino Clover. Soil Sci, Soc. Am. Proc. 21:360-365. i957. 
Kramer, P. J. Water Stress and Plant Growth. Agron. J. 55:31-35. 1963 l 
Mederski, H.J. and J. H. Wilson. Relation of Soil Moistur e to Ion 
Absorption by Corn Plants. Soil Sci. Soc. Am. Proc. 24(3):149-
152. 1960. 
Moore, s. and W. H. Stein. Photometric Ninhydrin Method for Use in 
the Chromatography of Amino Acids. J. Biol. Chem. 176:367-387. 
1948. 
Nezgovorova, L.A. The Effect of the Water Relations of Plants on the 
Introduction and Distribution of Carbon in the Process of Photo-
synthesis. Plant Physiol. (Fiziologia Rastenii) 4;416-425. 1957. 
Petrie, A.H. K. and J. G, Wood. Studies on the Nitrogen Metabolism of 
Plants: I. The Relation between the Content of Proteins, Amino 
Acids, and Water in the Leaves. Ann Bot. N. S, 2:33-60, 1938. 
Salim, Muhammed H. Root Development of Wheat, Oats, and Barley under 
Conditions of Soil Moisture $tr ess. Oklahoma State University, 
Unpublished Masters Thesis. 1962. 
Shelton, W.R. and H.J. Harper. A Rapid Method fot the Determination 
of Total Phosphorus in Soil and Plant Material. Iowa State College 
Jour. of Sci . 15(4):403-413. 1941. 
Sisakyan, N. M, The Biochemical Characteristics of the Drought Resistance 
of Plants. Nauk. USSR Akad, v. L• Konaroisu. 707. 1939, Chem. 
Abst. 37:905, 
Slayter, R. 0 , Effects of Several Osmotic Substrates on the Water 
Relationships of Tomato. Aust. J. Biol. Sci. 14(4);519-540. 
1961. 
Todd, G, W., F. W. Ingram, and C. A, Stutte. Relative Turgidity as an 
Indicator of Drouth Stress in Cereal Plants. Proc . Okla. Acad. 
ScL 42: 55-60. 1962 . . 
Vaadia, Y. , F , C. Raney, and R. M. Hagan, Plant Water Deficits and 
Physiological Processes. Ann. Rev. Plt. Pk).ysiol. 12 :265-292 . 
1961 . 
Weatherly, P . E. Studies in the Water Relations of the Cotton Plant. 
I , The Field Measurement of Water Deficits in Leaves . New Fhytol. 
49 :81-97. 1950. 
West, P . W. and G. L Lyles . A new Method for the Determination of 
Nitrates , Anal. Chim. Acta. 23:227-232. 1960. 
39 
Whitehead, E. J, and A, L• Moxon, Nitrate Poisoning, South Dakota Agr. 
Exp. Sta. Bull, 424:1-24. ;i.952. 
Wood, J. G. and A, H, K, Petrie. Studies on the NitroEen Metabolism of 
Plants: II, Interrelations Among Soluble Nitrogen Compounds, 
Water and Respiration Rate. Ann Bot. N. S. 2:749 ... 750. 1938. 
Woolley, D. G. Effects of Nutrition, Osmotic Pressure, and Temperature 
of the Nutrient Solution on Plant Growth and Chemical Composition: 
1. Spring WhE;iat at the 4 to 6 leaf stage. Can. J. Flt, Sci, 
43:44-49. 1963. 
Yoo, B. Y. and G. W, Todd, Nucleic Acid and Enzymatic Changes in 
Desiccated Wheat Leaves, Plant J?hysiol. 36(suppl);xxiv, 1961. 
Zgurouskaya, L. N. and YU:. L, Tsel'niker, The Influence of Ivrigation 
After Prolonged Drought on Transpiration and on the Condition 
of the Absorbing Roots. of Arboreal Species in the Derkul' Steppe, 
Fiziologtya Rastenii. 1I(4):346-353, 1955. 
Zholkevich, v. N, The Relation Between Respiration Rate and the Content 
of the Phosphorylated Compounds during Drought. Po~lady Akad. Naukp 
USSR, (Transl.) 121:~U9-.223, 1958. 
APPENDIX 
TABLE I 
EFFECT OF OSMOTIC PRESSURE ON PERCENT RELATIVE TURGIDITY* 
Time : Osmotic Pressure Treatment (Bars) 
(Hours): (o,o) (1,1) (3,3) (9,9) (0,1) {0,3) 
Shoots: 
24 94.21 92.79 9L56 91.91 93.10 94.20 
48 94.04 93,91 92~99 91.17 95.69 95.46 
96 93.97 94.54 93.32 89.21 94.19 94.39 
120 95.19 97 .56 93.94 86.80 94.32 94.oo 
*Mean of six plants for {O,O) and mean of two plants for remain-d-er of treatments,, 
-~9l 
93.91 
93.66 
93.72 
94.10 
~".:-
f-' 
TABLE II 
EFFECT OF OSMOTIC PRESSURE ON PERCENT DRY MATTER* 
Time : Osmotic Pressure 'I'reatment {Bars) 
{Hours): 
. 
~OzO) {lzl) {3z3) (9z9) (Ozl) {Oi3) . 
-Shoots: 24 18~90 19.69 19.43 19.18 19 .. 68 19.43 
48 20.30 23.74 24 .. 15 22.26 22.21 22.31 
96 19.11 2-0.25 25.06 25.51 21.36 22.21 
1-20 17 .7.5 21.39 25.64 25 .. 49 20.91 22.-13 
Roots~ -0 1 0 3 
24 9.33 10.14 11.68 14.47 9.39 10-.90 8-.63 lL.98 
48 8.13 12.13 12.07 17.67 9.43 u.35 9.32- lL.91 
96 7.19 8 .. 80 11.16 16.31 7.29 10.67 7.16 10.96 
120 7.04 9.09 11.17 16._1-8 6.83 9.80 6.67 lL.43 
*Mean of six plants for {O:,O) and mean of two plants for remainder of treatments. 
(Oz9) 
18.79 
21.29 
20.33 
18.78 
0 
8.59 
8.66 
7.32 
-6.43 
9 
13.13 
13.50 
13.33 
14.07 
.i::-
1\) 
TABLE III 
EFFECT OF OSMOTIC PRESSURE ON PERCENT NITROGEN* 
~ 
Time : Osmotic Pressure Treatment .(Bars) 
(Hours): (o,o) (1,1) (3,3) (9,9) (0,1) (0,3) 
Shoots: 
24 3.27 3.13 3.62 2.68 2.94 3.65 
48 3.31 2.30 2.42 3.24 2.57 2.79 
96 3.20 2.40 2.23 2.82 2.71 2.80 
l20 3.08 3-17 2.65 3.02 2.58 2.72 
Roots: 0 1 0 3 
2-4 2.77 2.84 2.42 1.70 2.63 2.30 3.98 1.98 
48 3.70 2.12 2.39 2.05 3.48 2.64 3.07 2.25 
96 3.68 3.01 2.32 2.02 3.45 2.63 3.88 3.38 
120 4.60 4.50 3.17 2.48 4.65 3.42 4.24 2.76 
*Mean of six plants for (O,O) and mean of' two plants for remainder of treatment-s. 
0 
3.25 
3.33 
3~72 
4.08 
(0,9) 
3.08 
2.84 
3.14 
2.57 
9 
2.96 
2.37 
2~19 
2.36 
_r;:---
w 
TABLE IV 
EFFECT OF OSMOTIC PRESSURE ON PERCENT PHOSPHORUS* 
Time : Osmotic Pressure Treatment {Bars) 
(Hours): 
{o,o) (1,1) (3,3) {9,9) (0,1) --co, 3} 
Shoots-: 
24 o.477 0.534 o.461 0.528 o.413 o.450 . 
48 o.451 0.330 o.465 o.4oo 0.328 o.4oo 
96 o.468 0.293 0.286 0.348 0.318 0.339 
120 o.475 0.359 0.274 0.278 0.343 0.367 
Roots: 0 l 0 3 
24 0.764 0.687 -0.629 o.485 0..601 o.J,q6 0.'1'33 0.534 
48 0.923 0.670 0.572 0.515 0.619 o .. 444 1..06 0.546 
96 0.980 0.775 0 .. 765 o.495 0.812 0 .. 514 0.887 0 .. 592 
120 L05 1.02 0.680 o.492 1.13 -0 .. 695 0.894 0.584 
*Mean of six plants ~or {O,O) and mean of two plants for remainder of treatments .. 
(.0,9) 
0.517 
o.-407 
o.38o 
o.461 
0 
0.809 
1.09 
0.829 
0.954 
9 
0.597 
D~979 
0.509 
0.548 
.J:;"' 
~ 
TABLE V 
EFFECT OF OSMOTIC PRESSURE ON PERCENT NITRATE* 
Time: Osmotic Pressure Treatment {Bars) 
(Hours): 
(O,O) (1,1) (3,3) (9,9) . (0,1) (0,3) 
Shoots: 
24 3.80 3~31 3.21 2.72 2.99 3.20 
48 4.18 3~81 4.44 4.84 3.51 3.14 
96 4.11 4~46 5.17 4.43 4.36 4.81 
120 3.99 5.07 4.77 3.51 3 .. 14 3.92 
Roots: 0 l 0 3 
24 3.34 L78 2.95 2.71 3.65 3.60 3.46 1.62· 
48 3>53 L5l 2.28 1.78 3.07 2.14 1.68 1.71 
96 4.55 3.12 2.79 1.83 4.35 3.02 3.82 2.67 
120 4.47 3.25 2.64 2.13 4.33 3.23 J.64 2 .. 98 
*Mean of -six plants for (O,O) and mean of two plants f'or remai-nder of treatments. 
\ 
0 
2.57 
2.64 
3.32 
3.84 
(0,9) 
3.84 
3.51 
4~26 
-4 0 50 
9 
1.96 
2.-03 
2.72 
3.06 
_J::--
Vl 
Time : 
(Hours): 
{O,O) 
Shoots: 
24 L-80 
48 1.90 
96 1.68 
120 1.41 
Roots: 
24 0.733 
48 0.342 
96 0.217 
120 0.123 
TABLE VI 
EFFECT OF OSMOTIC PRESSURE ON THE SOLUBLE CARBOHYDRATE CONTENT 
EXPRESSED AS MILLIMOLES OF GLUCOSE EQUIVALENTS* 
Osmotic Pressure Treatment (Bar§] 
(1,1) (3,3) (9,9) (o, 1) (0,3) 
1.34 1.85 1.20 1.24 1.82 
1.96 2.31 2.10 2.48 2.17 
2.02 3.05 2.72 1.39 1.93 
1.44 2.90 1.83 2-.16 1.68 
0 1 0 3 
1.37 1.29 1.32 1.50 1-.32 1.45 0.932 
0-.980 0.602 0-.682 0.884 0.627 0.591 {)-. 387 
0-.390 0.583 0.734 0.351 0.250 0.270 0.157 
0.243 0-.439 0-.581 0.230 0.145 0.199 0.126 
*Mean of six plants.for (O,O) and mean of two plants for remainder of treatments. 
(0,9) 
1.99 
2.25 
2.14 
2.12 
0 
1.27 
0.715 
0.278 
0-.197 
9 
1.16 
0-372 
0~235 
0,.,112 
+ 
0\ 
Tiine : 
(Hours): 
Shoots: 
24 
48 
96 
120 
Roots: 
24 
48 
96 
120 
TABLE VII 
EFFECT OF OSMOTIC PRESSURE ON THE CONTENT OF NINHYDRIN POSITIVE MATERIAL 
EXPRESSED AS MICROMOLES OF LEUCINE EQUIVALENTS* 
Osmotic Pressure Treatment (Bars) 
(o,o) (1,1) (3,3) (9,9) (0,1) (0,3) 
382 343 235 213 219 240 
389 294 217 260 181 380 
383 292 215 24]. 329 390 
436 330 238 285 357 455 
0 l 0 3 0 
401 439 424 346 339 384 348 211 280 
522 , 331 313 217 233 273 581 375 643 
650 333 371 307 368 388 576 382 324 
609 474 387 273 606 407 599 344 614 
*Mean of six plants for (O,O) and mean of two plants for remainder of treatments~ 
(0,9) 
289 
351 
360 
356 
9 
297 
424 
394 
213 
~ 
-..J 
TABLE VIII 
EFFECT OF OSMOTIC PRESSURE ON OXYGEN UPTAKE OF ROOTS: 
MICROLITERS PER HOUR PER GRAM DRY WEIGHT* 
Time : Osmotic Pressure Treatment {Bars) 
(Hours): (o,o) (1,1) {3,3) (9,9) (0 21) (0,3) (0 29) 
: 0 1 0 3 0 9 _ 
Roots: 
24 38 39 34 40 31 38 35 40 34 28 
48 28 33 38 35 27 34 33 32 39 34 
96 22 33 31 23 21 42 28 27 29 22 
120 23 29 37 31 13 24 23 25 25 28 
*Mean of six plants for (O,O) and mean of two plants for remainder of treatments. 
..i::-
0::, 
Shoots: 
Relative Turgidity 
Percent Dry Matter 
Percent Nitrogen 
Percent Phosphorus 
Percent Nitrate 
Carbohydrate 
Ninhydrin Positive 
Roots: 
Percent Dry Matter 
Percent Nitrogen 
Percent Phosphorus 
Percent Nitrate 
Carbohydrate 
Ninhydrin Positive 
TABLE IX 
CALCULATED-LEAST SIGNIFICANT DIFFERENCES AT THE 95i LEVEL 
OF CONFIDENCE FOR COMPARISON OF MEANS 
Comparison With 
Control· 
2.1 
2.3 
0.75 
0.11 
1.2 
1.1 
90 
1.2 
LO 
0.21 
1.1 
0.37 
147 
Comparison of Two 
Other Means 
2.6 
2.8 
o.Bo 
0~14 
1.5 
1.4 
110 
Comparison of Means 
of Different Plants 
-1.5 
1.2 
0.26 
1.3 
o.46 
18o 
Comparison of Means 
of Two Roots of 
Same Plant 
1.8 
1.2 
0.26 
1.2 
o.4o 
159 
~ 
\0 
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